This article presents, for the first time, the detailed functionality of 0-3 Paint/PZT composite films concerning their dielectric and electric transport properties. Ferroelectric Paint: Lead Zirconate Titanate (Paint/PZT) composite films have been fabricated by the conventional cost effective paint brushing technique. The dielectric parameters of the composite films were calculated by the measurement of capacitance and dielectric loss. The properties investigated include, dielectric constants , ε' and ε'' as a function of temperature, frequency and composition. From the foregoing parameters, it is indicated that the dielectric constant and A. C. conductivity (σ AC) increase with increase of filler content, temperature and frequency, implying functionality of the films. The results reveal that σ AC obeys the relation σ AC = Aω s , and exponent s, was found to decrease by increasing the temperature. It was found that, the correlated barrier hopping (C. B. H.) is the dominant conduction mechanism in nanocomposite films fabricated.
INTRODUCTION
Recently, nanocomposites composed of ceramic particles and polymer matrices have been fabricated as a means of engineering dielectric, pyroelectric and piezoelectric properties and energy storage capacity [1] [2] [3] [4] [5] [6] [7] [8] [9] . Furthermore, reduction is size of high performance electronic devices require integration of passive components such as resistors and capacitors. Fabrication of films with high dielectric constant is essential and important for the integration of the passive components. Ferroelectric lead zirconate and barium titanate are the candidates for high-k capacitor materials. These materials require high temperature processing, that is not compatible for embedding the capacitors in the printed circuit board. Several researchers, including authors of this paper have investigated pyroelectric, piezoelectric, and other physical properties of 0-3 composite films fabricated by low temperature solution casting method [9] . Wen and Chung investigated the pyroelectric behavior of cement-based materials and displayed that the steel/carbon-nanofibers increase the dielectric properties of cement composites [10] . In 2009, Batra et al. investigated pyroelectric polymer composites: silver nanoparticles embedded in P(VDF-TrFE)/Lithium tantanate and indicated an enhancement in pyroelectric performance as compared with virgin P(VDF-TrFE)/LT composites [11] .
Nevertheless, according to literature, few works were concerned with their dielectric behaviors of the mechanism of charge carriers' transport under the influence of temperature and frequency of applied electric signal in synthetic paint / electro-ceramic composites from viewpoint of their use in embedded capacitors. These electric phenomena are essential to understand the mechanical and poling behavior of composite. For example, the accumulation and de-trapping of electric charges resulting from mechanical or thermal load can be responsible to the failure of these materials. Different composites of PZT, BT and BST with various types of polymers such as PVDF, PVC, PVA and copolymers have been widely studied and reported in literature [5] . However, to best of author's knowledge, no work is reported on the dielectric behavior of Paint nanocomposites films. In the present paper, synthetic paint as vehicle for active functional component of the thick film composite and conductive silver paint for the electrodes have been investigated for dielectric and ac conductivity in a large domain of temperature and frequency. The composite paint/PZT (modified lead zirconate titanate nano-particles) films were fabricated with different PZT content by efficient conventional and cost effective brush coating on flexible copper substrate that acted as one of the electrodes as well.
EXPERIMENTAL DETAILS
The 0-3 connectivity composite films were fabricated using the conventional brush technique. The films were coated by an artist brush on to a pre-cleaned flexible copper substrate. The painted films were dried and cured in air for a week. The silver electrode was deposited on the film (front face) using shadow mask; device as shown in Figure 1 was obtained for testing with copper as the second electrode. The electroded samples were poled at 65 ᵒ C using 9 kV/cm for 1 hour. After the poling process, the samples were short circuited and annealed at 50 º C for 2 hours to remove any extrinsic charges.
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A real part (ε'), imaginary part (ε'') of the dielectric constant and ac conductivity (σ AC )were determined as:
where C p is the parallel capacitance of the sample at signal frequency, tanδ is the dielectric loss, A is the electrode area of silver electrode, d is the thickness of the sample, ε 0 = 8.854×10 -12 F/m is the permittivity of vacuum. Isothermal runs were carried out for frequency domain 1 kHz-1000kHz and different temperature varying from room temperature to 80 ºC. The detail of the instrumentation used is described in our earlier publications [5] [6] [7] [8] .
RESULTS AND DISCUSSION
The dielectric constants of composites depend not only on the dielectric constant of each phase in the composites but also on their volume fractions, shape, size, porosity, interphase polarizability and interphase/ceramic volume fractions [5] . Figure 2 (a-d) and Figure 3 (a-d) shows the dielectric constants ε', and the dielectric loss constant ε" of various Paint/PZT composite films, respectively. As expected in ferroelectrics, these parameters (ε', ε") increase with the increase in temperature and volume fraction of modified PZT particles in the films. An increase in PZT loading in the composite increases the interfacial area between the ceramic and paint phase. As a result, the effect of interfacial polarization on the dielectric constants (ε', ε") can be significant. Thus, increase of dielectric parameters with PZT loading is observed. Figure 4 (a-d) shows the typical behavior of the dielectric constants ε', the dielectric loss constant ε" of Paint/PZT composite film (M 3 ) as a function of frequency at various temperatures, respectively. It is observed that these parameters decrease with the increase in applied signal frequency. This behavior of increase in ε' and ε" at lower frequencies can be due to contribution of interfacial polarization in our heterogeneous system as well as conduction from space charges. The activation energy calculated from the slope of lnσ ∝ 1/T is shown in Figure 5 (a-d) . The results show that with increasing frequencies, for each sample the activation energies E a slightly decreases; e. g., for sample M 1 energy E a decreases from 0.175 eV for 1 kHz to 0.110 eV for 1 MHz (see Figure 5 (b)). Also, it has been observed that with increasing the amount of PZT in the composite films, the activation energy E a decreases; e.g., Figure 5 (b) shows sample M 1 with activation energy E a = 0.110 eV at 1 MHz; this energy decreases slightly to 0.096 eV in sample M 2 and to 0.089 eV in sample M 3 at 1MHz as shown in Figure 5 (c and d) , respectively. The electric modulus is defined as M = ε -1 :
1000/T (K -1 )
where;
ε: is the complex permittivity and M', M'' are given by: Figure 6 (a) M' shows trending towards infinity, and approach zero at low frequencies. This indicates that the electrode polarization gives a negligibly low contribution to the electric modulus M and can be ignored. On other hand, a peak is shown in Figure 6 (b) which shifts to higher frequencies with increasing temperature, it represents the range of frequencies in which charge carriers can move over a long distance i.e. charge carriers can perform successful hopping from one site to the neighboring site.
The inverse of frequency of the maximum peak in Figure 6 , is most probable that it exhibited Arrhenius behavior [13, 14] :
where E a is the activation energy of the relaxation process, ω o is the pre-exponential factor, k B is the Boltzmann constant, and T is the absolute temperature. Table 2 shows the calculated values of E a and relaxation time at infinite temperature τ o for samples.
2.0 2. These E a values indicate that with increasing content of PZT in the composite film, the activation energy increases. In addition, the values of τ o decreased with PZT content in the paint matrix. The AC conductivity σ AC of Paint/PZT films of about 300-500 µm thick has been measured in the frequency range (1-1000 KHz), over the temperature range (300-345 K). The typical dependence of Ln (σ AC ) on Ln (ω) is shown in Figure 8 . All samples follow a common pattern wherein (σ AC ) is linear function of ln (ω). In other words, σ AC increases with increasing frequency. The frequency dependence of AC conductivity can be expressed by the well-known relation [15] [16] [17] [18] [19] :
where A is constant and s (≤1) is the frequency exponent. The phenomenon has been ascribed to relaxations caused by the motion of electrons or atoms. Such motion can involve hopping or tunneling between equilibrium sites [16] .
Ln ω ω ω ω can be calculated based on the universal exponent s, as [18] [19] [20] [21] :
where k is the Boltzmann constant, and T is the absolute temperature. The values of R for Paint/PZT samples films were calculated at different temperatures and are listed in Table 3 . It is noticed that the values of R decreased with increase of PZT content in the paint matrix.
Table3 Frequency exponent (s), pre-exponential factor (A), fit to Eq. (6), and the hopping distance (R) according to Eq. (9) 
CONCLUSIONS
The experimental results obtained of nanocomposite films (Paint-PZT films) can be summarized as follows:
• Films of Paint-PZT have been fabricated using conventional cost-effective paint brushing method. This technique is very useful and inexpensive technique for manufacturing nanocomposite high-k capacitors, sensors and piezoelectric energy conversion devices because the films can be fabricated with less energy, time, and effort as compared to ceramic and single crystal fabrication.
• The films were characterized for their dielectric and electric transport properties as function of composition, frequency and temperature. The correlated barrier hopping (C.B.H.) was attributed to the possible conduction mechanism. The increase of dielectric constants at lower frequency was attributed to space charge and interfacial polarization.
• The dielectric constant of the composite films increased with an increase in modified PZT volume fraction in the composite films. The dielectric constant reached around room temperature
